Background: The purpose of the present study was to demonstrate whether alcohol consumption could predict spinal structural damage in axial spondyloarthritis (axSpA) in a prospective cohort study.
Background
Axial spondyloarthritis (axSpA) is chronic inflammatory arthritis that primarily presents as axial joint inflammation. axSpA can cause ankyloses of the axial joint and can progress to bamboo spine, which is critically harmful to axial joint motions. The global prevalence of ankylosing spondylitis (AS), prototype of axSpA, is about 10 to 30 people per 10,000 [1] , and axSpA patients with advanced spinal structural damage have trouble maintaining their usual work due to pain and limited range of motion.
Treatment of axSpA patients has several goals: managing arthralgia, maintaining function and quality of life (QoL), preventing comorbidities, and preventing spinal structural damage. There are several risk factors that can predict spinal structural progression. Pre-existing syndesmophyte, smoking, high baseline disease activity, older age, and male gender were suggested as predictors of spinal structural progression [2] . However, smoking is the only modifiable factor among known predictors of spinal structural progression in axSpA.
An association between alcohol consumption and cardiovascular disease has been studied for several decades, with the results showing a J curve association [3] . Low to moderate consumption of alcohol could lower the risk of cardiovascular disease occurrence and mortality. Limited information is known about the relation between alcohol consumption and inflammatory arthritis. A recent meta-analysis revealed that low to moderate alcohol consumption had a preventive effect on developing rheumatoid arthritis (RA) [4] . Another study enrolling US women, the Nurses' Health Study II, revealed that excessive alcohol intake increased the risk of psoriatic arthritis (PsA) [5] . However, the effects of alcohol consumption on progression of spinal structural damage in axSpA have not been evaluated.
In the present study, baseline characteristics including the modified Stoke Ankylosing Spondylitis Spinal Score (mSASSS) and syndesmophyte count were compared between axSpA patients who drink alcohol and those who do not drink alcohol. Additionally, we aimed to reveal whether alcohol consumption could predict spinal structural damage in axSpA.
Patients and methods

Study design
The Catholic Axial Spondyloarthritis COhort (CASCO) is a prospective longitudinal cohort of patients with axSpA from a single tertiary care university hospital and referral center, Seoul St. Mary's Hospital. We enrolled patients with axSpA according to the following inclusion criteria: (1) fulfillment of the modified New York criteria for AS or Assessment of SpondyloArthritis international Society (ASAS) classification criteria for axSpA [6, 7] and (2) over 18 years of age. A total of 372 patients were enrolled from January 2015 to April 2017. Baseline data of demographics, laboratory and radiographic results, questionnaire for disease activities, and functional indices were collected at the time of enrolment. Prospective data including radiographic and laboratory results and questionnaire were collected annually. The study was conducted in accordance with the Declaration of Helsinki (1964). Written informed consent was obtained from each patient before enrollment in the study. This study was approved by the Institutional Review Board of Seoul St. Mary's Hospital (KC15OISI0012).
Collected data
Patients' current age, diagnosed age of axSpA, sex, height, weight, salary, degree of education, smoking, and alcohol drinking status were collected at the time of enrolment using a paper questionnaire. Obesity was defined following the World Health Organization guideline for Asian population, which defines obesity as a body mass index (BMI) over 25 kg/m 2 [8] . Disease-related parameters including Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Ankylosing Spondylitis Disease Activity Score (ASDAS), Bath Ankylosing Spondylitis Functional Index (BASFI), pain visual analog scale (VAS), patient's global assessment, physician's global assessment, ASAS health index (HI), and environmental factors related to ASAS HI were collected. Health-related QoL (HRQoL) was evaluated by EuroQol-5 dimensions (EQ-5D) and EQ-VAS. EQ-5D was converted into a "time trade-off" (TTO) value, followed by previous reference data [9] . A very high disease activity state of axSpA was defined as ASDAS > 3.5 [10] . The cut-off value of elevated disease activity on BASDAI was over 4 units [11] .
Baseline laboratory findings included human leukocyte antigen (HLA)-B27, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) levels. Current medication information was collected by searching the electronic medical records and interviewing each patient to determine the actual amount of medication taken by the patient. The ASAS nonsteroidal anti-inflammatory drug (NSAID) index was calculated according to ASAS guidelines and the high NSAID index was defined as over 50 [12, 13] .
Extra-articular manifestations were checked by reviewing electronic medical records and taking personal histories; these were indicated as positive if the patient had a history of an extra-articular manifestation at least once.
Radiographic assessment
At the time of enrollment and 2-year follow-up, plain radiography of cervical and lumbar spine and pelvis were taken to measure the grade of sacroiliitis, mSASSS [14] , and count of syndesmophytes. The baseline grade of sacroiliitis was measured according to the modified New York criteria [6] , and the mean grade of sacroiliitis was calculated by averaging the sacroiliitis grades of the right and left sides in each patient. The squaring score on Cspine was excluded from mSASSS because a normal Cspine naturally has a concave anterior border, and distinguishing pathologic changes from normal C-spine squaring is confusing [15] . The radiographic files were provided to the accessors via a Digital Imaging and Communication in Medicine file after erasing all information of patient including name and date of examination. Two trained experts, Min and Lee, individually scored the mSASSS. The mean score of both readers was used for analysis. Significant progression of spinal structural damage was defined as an increase of more than 2 units of mSASSS over 2 years or occurrence of new syndesmophyte or progression of pre-existing syndesmophytes (formation of bridging) [16] . If there was discordance of progression in spinal structural damage (≥ 2 units of mSASSS over 2 years or new syndesmophyte/progression of pre-existing syndesmophyte) between two readers, the same readers rescored the radiographies. In the case of persistent discordance, an independent assessor (Kwok) judged the final decision. Probability plots presented each patient's progression of mSASSS for 2 years against its cumulative frequency [17] .
Alcohol and smoking status assessment
Alcohol consumption was calculated for units per week by taking questionnaires of frequency, types of alcoholic beverages, and amounts of alcohol consumption for each time. One unit of alcohol was equal to 8 g of pure alcohol. Groups were divided into non-drinkers (those who do not drink at all) and alcohol drinkers. Another criterion for dividing groups was the amount of alcohol consumed according to units/week for both genders as per current UK Department of Health guidelines; nondrinker, moderate drinker (≤ 14 units/week), and heavy drinker (> 14 units/week) [18] . The non-smoker group included both never smokers and ex-smokers (nonsmoking for at least 1 year).
Statistical analysis
Continuous variables were compared using Student's t test, and results are presented as the mean ± standard deviation (SD). Analysis of variance (ANOVA) was used to compare continuous variables between more than three independent groups. Categorical variables such as proportions were compared using the chi-square test or Fisher's exact test. Pearson correlation coefficient was calculated to check correlation between alcohol and smoking status. Inter-reader reliability of mSASSS and count of syndesmophyte were measured by intraclass correlation coefficients (ICC). Logistic regression analysis was used to find predictors of spinal structural damage. Variables included in univariable logistic regression analysis were chosen from previous studies which showed associated factors of radiographic progression in AS, and variables which showed significant difference in baseline characteristics [2, 19] . In multivariable logistic regression analysis, model 1 included factors with values of P < 0.10 at univariable analysis. In model 2, multivariable regression analysis was done by including variables of model 1 and smoking status and gender. Values of P < 0.05 were considered statistically significant. All tests were performed using the R software (R for Windows 3.3.2; The R Foundation for Statistical Computing, Vienna, Austria).
Results
Baseline characteristics of enrolled patients and comparison between alcohol drinkers and non-drinkers
A total of 372 axSpA patients were enrolled at CASCO. Of these, 6 had total ankyloses at baseline plain radiography assessment, and 88 did not complete the 2-year follow-up C-/L-spine plain radiography (Fig. 1 ). Therefore, a total 94 axSpA patients were excluded from analysis and finally 278 axSpA patients were included for analysis. The non-drinker group comprised 72 patients, while the drinker group contained 206 patients. The alcohol drinker group had more male patients and current smokers ( Table 1) . Pearson correlation coefficient for smoking status and alcohol drinking showed weak correlation (r = 0.157, P = 0.009). Among extra-articular symptoms, a history of uveitis was more frequent in the non-drinker group. Baseline medication status did not show a difference between the two groups.
Changes in mSASSS and counts of syndesmophytes for 2 years
Interobserver ICC for baseline mSASSS, 2-year followup mSASSS, baseline syndesmophyte count, and 2-year follow-up syndesmophyte count were 0.994 (95% confidence interval [95% CI] 0.992, 0.995), 0.990 (95% CI 0.987, 0.992), 0.993 (95% CI 0.992, 0.995), and 0.990 (95% CI 0.988, 0.992), respectively. Baseline mSASSS and count of syndesmophytes were similar, however, and the change in mSASSS and syndesmophyte count over 2 years was more prominent in the alcohol drinker group (Table 1) . Significant progression of spinal structural damage (worsening 2 units or more of mSASSS over 2 years, new syndesmophytes, or progression of pre-existing syndesmophytes over 2 years) was checked, and those in the alcohol drinker group had more patients with significant progression (Fig. 2) . The cumulative probability plot of mSASSS change for 2 years showed radiographic progression (> 0 units of mSASSS) in a greater proportion in the alcohol drinker group than the non-drinker group (72.3% versus 58.3%, Fig. 3) .
We analyzed the change in mSASSS and count of syndesmophyte by grouping as non-drinkers, moderate drinkers, and heavy drinkers. Spinal structural progressions assessed by change in mSASSS and syndesmophyte count were significantly more severe in moderate drinkers than non-drinkers. Heavy drinkers only showed a tendency toward more severe change in mSASSS and syndesmophyte than non-drinker. Furthermore, moderate drinkers and high drinkers did not show significant difference in changes in mSASSS and syndesmophyte (Additional file 1: Table S1 ). There was no dosedependent relationship between the amount of alcohol consumed and the progression of mSASSS or syndesmophyte.
Predictors of spinal structural damage progression
We performed univariable and multivariable logistic regression analyses to identify the predictors of spinal structural progression in mSASSS and the count of syndesmophytes. Several factors were analyzed including known predictors of spinal structural progression, and other modifiable factors including alcohol drinking and obesity. On univariable analysis of worsening 2 units or more of mSASSS over 2 years, age, alcohol drinking, uveitis history, baseline mean grade of sacroiliitis, and preexisting syndesmophyte showed significantly increased odds for predicting spinal structural progression. On multivariable logistic regression analysis, alcohol consumption, and uveitis history were independent predictors for the progression of mSASSS of more than 2 units over 2 years (Table 2 , model 1). After adjusting for smoking status and gender, alcohol drinkers still had increased odds for the progression of mSASSS of more than 2 units over 2 years (OR = 4.401, P < 0.001, Table 2 , model 2). New syndesmophyte development or progression of pre-existing syndesmophyte, age, male gender, alcohol consumption, uveitis history, very high ASDAS-CRP, baseline mean grade of sacroiliitis, and pre-existing syndesmophyte were significantly associated factors in univariable logistic regression analysis (Table 3) . Multivariable regression analysis, models 1 and 2, showed that alcohol consumption increased the odds of new syndesmophyte development or progression of pre-existing syndesmophyte (Table 3) .
Discussion
The goal of the present study was to elucidate whether alcohol consumption could predict spinal structural damage in patients with axSpA. Several risk factors that can predict more prominent progression of spinal structural damage have been suggested. Previously, smoking was the sole known modifiable predictor of spinal structural damage [16, 20, 21] . The present study showed that alcohol consumption increased the risk of spinal structural damage in the aspect of mSASSS and syndesmophyte progression. This finding is worthy because it is the first report that revealed the relationship between alcohol consumption and spinal structural damage in axSpA in a prospective cohort study.
Only a few published studies demonstrate a relationship between alcohol consumption and axSpA. One study from Europe revealed a negative association with alcohol consumption and disease activity in patients with axSpA [18] . Data from the Devenir des Spondylarthropathies Indifférenciées Récentes (DESIR) cohort in France showed that alcohol drinking was not associated with baseline mSASSS; however, that study design was crosssectional and the effects of alcohol on progression of spinal structural damage were not assessed [20] . A cohort study from the USA showed that excessive alcohol consumption increased the PsA incidence, whereas low alcohol consumption did not [5] . In the present study, we did not observe a dose-dependent difference of alcohol consumption in spinal structural progression. Although changes in mSASSS and syndesmophyte count were similar between moderate and heavy alcohol drinkers (Additional file 1: Table S1), it was certain that alcohol drinkers had more spinal structural progression than non-drinkers. The strengths of the current study include well-collected baseline information of alcohol consumption and inclusion of sufficient axSpA patients who drink alcohol (74.1% among total axSpA patients). In the present study, smoking status did not show a significant difference on logistic regression analysis of predicting spinal structural damage. Several previous studies demonstrated that smoking is associated with a poor prognosis for spinal structural damage with axSpA [16, 20, 21] . The results from the DESIR cohort were designed as a cross-sectional study [20] ; therefore, it could not compare the progression of spinal structural damage between smokers and non-smokers. The German Spondyloarthritis Inception Cohort (GESPIC) was the first study that showed that current smokers had poorer prognoses in aspects of spinal structural progression in axSpA [21] . Recently, two studies demonstrated that suppression of inflammation by a tumor necrosis factor (TNF)-α blocker is important for spinal structural progression of axSpA; these studies showed smoking status was not independently associated with spinal structural progression [22, 23] . Another report from Sweden showed that smoking only increased odds for spinal structural progression in male gender [19] . The aforementioned discrepancy between the recent studies and the data from GESPIC might come from differences in proportion of the TNF-α blocker users (30-63% vs 2%) [16, 19, [21] [22] [23] . Smoking is known to increase TNF-α [24] [25] [26] , and therefore, the increased portion of TNF-α blocker users might influence the effect of smoking in later research, including the present study (TNF-α blocker user 52.5%). To clarify whether smoking independently affects spinal structural progression, future research revealing the mechanism of smoking on spinal Fig. 2 Proportion of radiographic spinal progression defined as mSASSS worsening more than 2 units over 2 years (a) and new syndesmophytes/ progression of pre-existing syndesmophytes over 2 years (b) in alcohol drinking (n = 206) and non-drinking (n = 72) axSpA patients structural damage of axSpA and a larger sample size studies are needed.
In the present study, another modifiable factor, obesity, was an expected factor that could predict the progression of spinal structural damage. Obesity is a known predictor of poor response in the treatment of axSpA [27] [28] [29] . Deminger et al. recently demonstrated genderspecific predictors of spinal structural damage, and their results showed that obesity was a predictor in both genders [19] . Another study from a Swiss cohort indicated that obesity did not show a significant increased risk of spinal structural damage [22] . The difference between the aforementioned studies and the present study was the cut-off value for defining obesity [8, 30] . The definition of obesity is different between ethnic groups. In the present study, only 3.2% (n = 9) of patients had a BMI over 30 kg/m 2 , whereas previous studies recorded approximately 15% of patients with BMI over 30 kg/m 2 Fig. 3 Cumulative probability plot of 2-year progression in the modified Stoke Ankylosing Spine Score (mSASSS) according to non-drinkers (orange circles) and alcohol drinkers (blue circles) over individual intervals [19, 22] . Further research is needed to confirm the effect of obesity on spinal structural damage of axSpA. In our study, the baseline mean sacroiliitis grade significantly increased the odds of spinal structural damage progression in the aspect of mSASSS and syndesmophyte. Kang et al. showed a similar result with female AS patients [31] . Baseline pre-existing syndesmophyte is a well-known predictor of syndesmophyte progression [31] [32] [33] , and our present study showed a similar result in univariable regression analysis (Tables 2 and 3) . Taken together, these results suggest that baseline axial joint structural damage such as severe sacroiliitis or preexisting syndesmophyte could increase the risk of spinal structural damage.
Previously, several researches showed the relationship between spinal structural progression and extra-articular manifestations. Kang et al. showed several predictors of spinal structural damage, and uveitis did not significantly increase the odds of spinal structural damage [31] . The previous study only included female patients with AS, whereas the present study showed male gender predominance. Data from OASIS cohort also evaluated the association between extra-articular manifestation and spinal structural damage, and the association between extra-articular manifestation and spinal structural damage was non-significant [34] . One study demonstrated the existence of syndesmophyte was more frequent in AS patients with uveitis [35] . In the present study, history of uveitis showed increased odds of mSASSS change and syndesmophyte progression. Further studies are needed to clarify the relationship between uveitis history and spinal structural damage.
Recently, dysbiosis and increased intestinal permeability have been proposed as contributing factors of immunologic disorders such as inflammatory bowel disease and RA [36] . Several studies have demonstrated differences of microbiota between SpA and healthy controls [37, 38] , and some even showed a correlation between specific microbiota and disease activity of axSpA [37, 39] . Alcohol is known to provoke intestinal inflammation by altering the composition of microbiota, increasing the permeability of intestine, and breaking intestinal immune homeostasis [40] . Here, we propose that alcohol consumption exacerbated spinal structural progression. Although the mechanisms underlying the influence of alcohol on spinal structural damage remains to be elucidated, the concept of alcohol and its influence on gut microbiota and intestinal permeability might help in revealing the mechanisms.
The present study had some limitations. First, the study population was relatively small, especially the heavy drinker group (n = 57) and non-drinker group (n = 72). Due to the relatively small sample size, stratifying alcohol consumption into multiple levels was impossible, and in the heavy drinker group, the difference of spinal structural damage compared with that in the nondrinker group only showed a tendency. Second, the disease durations of enrolled axSpA patients were variable. However, the disease duration between the two groups did not show a significant difference. Third, the followup duration was relatively short. Further studies using a larger sample size and longer follow-up duration are needed to strictly demonstrate the relationship between alcohol consumption and spinal structural progression. Nevertheless, the present study has strength in that all laboratory and radiological data were collected from a single center and the data were standardized and well collected. Furthermore, future extended data from CASCO could support our present results.
Conclusion
For the first time, the present study revealed that alcohol drinking was significantly associated with progression of spinal structural damage in axSpA. Aforementioned results raised the possibility of the harmful effect of alcohol drinking on spinal structural progression in axSpA, and further clinical and basic studies might clarify the net effect of alcohol on spinal structural progression in axSpA patients.
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